The electrocardiographic findings of 18 patients with chronic constrictive pericarditis and their progress 16 to 80 months following radical pericardectomy were studied. Atrial fibrillation, abnormal P waves, right QRS axis deviation, low QRS complex voltage in the conventional leads as well as T wave inversion, were the common preoperative electrocardiographic findings. Following radical pericardectomy restoration of the P wave abnormalities to normal was noted in eight oat of 11 patients. QRS complex voltage in general increased and in the majority of patients the AQRS was moved to the left. Restoration of the T wave changes to normal was ascertained in 14 patients and it was accompanied always by an excellent clinical result and hemodynamic restoration to normal in the nine recatheterized patients. Persistence, however, of abnormal T waves might be accompanied by an excellent clinical result as it was observed in two of our patients, in one of whom ^catheterization showed restoration of intracardiac pressures to normal.
the extent of pericardial resection has prompted us to present our experience.
The purpose of this paper, which is based upon 18 cases of CCP treated by radical pericardectomy using a median sternotomy, is: 1) to study the preoperative electrocardiographic findings, and after a long period of postoperative observation, 2) to attempt a correlation of the preoperative and postoperative electrocardiographic changes to the hemodynamic and surgicopathologic findings as well as the operative results, and 3) to evaluate the electrocardiogram from a prognostic point of view.
MATERIAL AND METHODS
Eighteen patients, 12 males and six females, aged 4 to 60 years (average 37.9), who survived a radical pericardectomy among 20 who were operated upon from January 1959 to June 1964 and were followed-up from 16 to 80 months postoperatively, comprise the material of this study (Table 1) . Among these is included a woman {case 14) who underwent both a pericardectomy and commissurotomy for coexisting mitral stenosis. All of the patients had preoperative and postoperative, besides the clinical and radiologic study, routine 12-lead electrocardiograms from which the following determinations were made: 1) the cardiac rhythm, 2) the ventricular rate, 3) the P wave (axis, duration, voltage and morphology), 4) the P-R interval, 5) the QRS complex (axis, duration, voltage and morphology), 6) the RS-T segment and 7) the T wave (axis, voltage and morphology). As limit of low QRS complex voltage we considered 5 mm or less in the peripheral leads as described in the literature. 410 However, the mean value of the QRS complex voltage of the conventional 12 leads have been taken into account in this study. On this basis evaluation of the postoperative increase of QRS voltage was made.
Right heart catheterization was carried out preoperatively in 16 patients; postoperative catheterization was performed in 11 from one month to 2 x /z years after the operation (Table 2) .
FINDINGS
Almost all the patients were severely incapacitated before operation, presenting the typical symptomatology of CCP. Chest x-ray films revealed the size of the heart within normal limits or slightly diminished in 11 patients and moderately enlarged in seven. Moderate or pronounced calcification of the pericardium was ascertained roentgenologically in 12 patients (Fig 1) .
After pericardectomy the heart size remained, as a rule, unchanged. In some cases, however, with enlarged heart size, a late diminution took place which followed a further initial postoperative increase. Generally pulsatility of the heart increased considerably following operation. Preoperative right heart catherization in 16 patients revealed typical hemodynamic findings of CCP. These findings as well as those of the 11 recatheterized patients are summarized in The study of the electrocardiogram revealed the following:
Sis patients had atrial fibrillation prior to pericardectomy which persisted following operation.
b) Ventricular Rate
The mean ventricular rate was 82/min in the sinus as well as in the fibrillating group of patients. The postoperative rates were 72/min and 87/min for the two groups respectively.
c) PWave
The mean value of the AP was +63" (SD=24)
preoperatively, and +53° (SD=22) postoperatively (Table 3 ). The morphology of the P wave was abnormal preoperatively in all but one patient with NSR. The more conspicuous and frequent changes were in the form of "pseudomitrale" P waves, namely; 1) bifid in some of the peripheral and left precordial leads, often with a "staircase" configuration, 2) biphasic (+ ~) in leads V! and less often in V2. In these cases the positive deflection was rapid and the negative delayed. Peaked or "en plateau" P waves were infrequently encountered.
Postoperatively the abnormal P waves reverted to normal in six patients, improved considerably in CHEST, VOL 57, NO. 5, MAY 1970 two and in the remaining three were unchanged or showed minimal improvement. The duration of the P wave before and after operation ranged from 0.07 to 0.11 sec and the mean value was diminished slightly following operation (from 0.087 to 0.082 sec). Before surgery the P wave voltage was generally low and only in two patients its maximal absolute value was 2.5 and 3.5 mm, respectively. Following operation there was an evident increment in the P wave voltage.
d) The P-R Interval
The P-R interval was measured according to the Ashman and Hull 11 criteria for the upper limits of normal. In no case was it found abnormal prior to and following the operation.
e) The QRS Complex Table 3 The mean preoperative value of AQRS of the whole group of patients was +66° (SD=32) and the postoperative one was +48° (SD=30). The respective values of AQRS of patients with NSR on the one hand and with AF on the other are given in Table 3 . The duration of the QRS complex ranged preoperatively from 0.06 to 0.09 sec. Postoperative changes were minimal or absent.
Low voltage of the QRS complex (5 mm or less in the standard leads) was noted preoperatively in six patients, three of whom were in sinus rhythm and three in atrial fibrillation (Table 4) . Pericardectomy in all of them was followed by an increase of QRS complex voltage in the standard leads from 1 to 3 mm. The QRS complex voltage of the 12 leads (mean value) in all of our patients was found to be 8 mm (SD=2.7) preoperatively and 11.2 mm (SD=3.2) postoperatively (Table 3 ). The mean value of the QRS complex voltage of the six precordial leads was 11 mm preoperatively and 15.5 mm postoperatively.
Incomplete RBBB present in three patients (one with RVH) remained unaltered following the operation. In an additional patient (case 11) with NSR, AQRS +120° and signs of RVH, the latter subsided postoperatively and AQRS became +60°.
f) The RS-T Segment
In the majority of our patients a downward displacement of the RS-T segment of 1 to 2 mm, usually in leads I, II and V3-V6, was present before the operation. Following decortication of the heart this persisted to a lesser degree (1 mm or less) in only three patients who were fibrillating. It must be borne in mind that before operation all of our patients were on digitalis and after the operation the fibrillating ones were. 
g) TWave
The mean value of the AT in the whole group of patients was estimated to be -59° (SD=54) prior to and 0° (SD=47) following the operation (Table 3). Fifteen out of 18 patients had inverted T waves preoperatively in leads I, II and V3-V6. Six of them had deep negative T wave deflections amounting to -2.5 and -4 mm with three having a coronary type T wave (Fig 2) whereas the remaining three had flattened or low voltage T waves.
Postoperatively in 14 out of 18 patients the T waves reverted to normal (Fig 3) and in two there was a considerable improvement. Of the remaining two, one with coronary type T waves preoperatively and one with moderate changes, the first showed after pericardectomy minor improvement and the second an aggravation.
CORRELATION OF THE ELECTROCARDIOGRAPHIC CHANGES TO HEMODYNAMIC, SURGICOPATHOLOGICAL FINDINGS AND OPERATIVE RESULTS

Cardiac Rhythm
In the fibrillating group (six patients) as compared to the sinus group neither higher pressures in the right atrium and pulmonary venous capillaries nor greater thickness of the pericardium was found. However, in three of these six patients the myocardium was considered as moderately fibrotic and two of these three had a heavily calcified pericardium with penetrations into the underlying myocardium. Among the 12 patients in sinus rhythm, pronounced fibrosis of the myocardium without severe calcification was observed once and a moderately fibrotic myocardium with severe calcification of pericardium penetrating into the myocardium twice. Postoperatively in three of the patients with abnormal P waves, intracardiac pressures were restored to normal and the clinical result was excellent.
The QRS Axis
The mean value of AQRS in the 11 patients in NSR and the five in AF who were catheterized preoperatively was estimated to be +55° and +80° respectively. There were no significant differences in the pressures of the right ventricle and pulmonary venous capillaries between the two groups.
The QRS Voltage
There was no correlation of the preoperative QRS complex voltage to the hemodynamic findings.
Concerning the surgicopathological findings, in six cases with QRS voltage of 5 mm or less in the standard leads, the maximal thickness of the pericardium ranged from 4 to 20 mm while the condition of the myocardium was considered on five occasions as satisfactory and once as moderately fibrotic. In two patients (cases 11 and 16) however, with greatest thickness of the pericardium (5 to 10 and 10 to 20 mm respectively), the first of whom had, in addition, extensive calcific penetrations into the underlying myocardium, the QRS voltage was low.
TWave
Again there was no correlation on the T wave morphology and AT to the hemodynamic findings preoperatively. Likewise no relationship was found between the thickness of the pericardium and the preoperative T wave configuration.
The following remarks could be made regarding the calcification of the pericardium and the condition of the myocardium on the one hand and the preoperative T wave changes on the other. Four out of six patients (cases 9, 12, 13, 16) with deeply inverted or coronary type T waves had a severe calcification of their pericardium with penetrations into the underlying myocardium which was moderately fibrotic. Among 12 patients with moderately inverted or flattened T waves, severe and extensive calcification of the pericardium but without penetrations was noted only once. Among 14 patients with postoperative T wave reversion to normal, nine, who were recatheterized, showed normal intracardiac pressures at rest. One of these nine patients, however, with the coexisting mitral stenosis, exhibited moderate elevation of pressures following exercise. From the remaining four patients with abnormal T waves postoperatively, two were recatheterized. One (case 9) obtained postoperative restoration of intracardiac pressures to normal and slight T wave improvement. The other (case 2) obtained improvement but neither reversion to normal of the hemodynamic findings, nor of the T wave changes occurred.
DISCUSSION
Atrial fibrillation which is considered the most common cardiac arrhythmia in constrictive pericarditis 4 -6,12 -15 was observed in six of our cases and persisted following the operation. It has been stated that atrial fibrillation occurs more frequently in older patients 512 especially those with calcific pericardiums B,ie ' 17 and in patients whose illness was of longer duration. 4018 The average age of our patients with NSR (including one child, 4 years old) was 35.7 years and that of the fibrillating group 42.1 years. However, in the NSR group, there were six patients relatively older (43 to 57 years old) while in the fibrillating group three patients were relatively younger (28 to 33 years old).
As to the duration of the illness in the NSR group, there were five cases with long duration (5 to 11 years) while in the fibrillating group four cases with a relatively shorter duration (17 months to 4 years). It is therefore difficult to draw any conclusions from our material regarding the aforementioned relationship. This is in accordance with the observations made by Portal and co-workers. 8 However it is probable that the degree of myocardial changes and the presence of severe calcification of the pericardium, especially with penetrations into the underlying myocardium, which was observed in the three relatively younger fibrillating patients (cases 13, 15, 16), might have been contributing factors.
The presence of AF with pronounced right axis deviation is a common finding in CCP and this is generally considered as a sign of more severe constriction. Thus four of our six patients with fibrillation had AQRS+90° to +120° and all of them had a severe constriction as was ascertained at surgery. Furthermore AF is considered as an unfavorable prognostic sign as it occurs in advanced cases with calcification of the pericardium 710 and increased heart size. 7 Of our six cases with AF, an excellent clinical result was obtained in five, with calcification of the pericardium in four of these. The sixth case without calcification and a simultaneous mitral commissurotomy, obtained a moderate result. However it is to be noted that two patients who died and not included in this series had both AF, increased heart size in one and severe respiratory insufficiency in the other.
Abnormal P waves constitute a common finding of CCP"' 10 ' 12 ' 15 and 11 out of our 12 patients with NSR exhibited this abnormality. The duration of P wave has been found in the literature, very often, in excess of 0.11 sec. 4 ' 5,20 In our cases it ranged between 0.07 sec and 0.10 sec and only once it was estimated as 0.11 sec.
The P wave voltage is described as decreased, 513 normal or increased 20 in CCP. In all of our cases it was within normal limits (between 0.5 and 2.5 mm in all leads 21 ) or decreased with the exception of one, the maximal voltage of which was 3.5 mm.
Persistent postoperative P wave abnormalities are frequent. 4510 This has been attributed to the unexcised pericardium overlying the left atrium as well as to permanent changes of the auricular myocardium. 4 In our cases an increase of the P wave voltage was generally noted postoperatively, with a persisting abnormal configuration in three patients who, however, had excellent clinical results and normal hemodynamic patterns. We feel that the persistence of abnormal P waves in these cases in spite of the total excision of the thickened pericardium, has to probably be attributed to irreversible changes of the auricular myocardium. 4 Right axis deviation is a common finding in CCP especially in the presence of atrial fibrillation as was mentioned previously. Following pericardectomy, deviation of the AQRS to the right is diminished and the axis tends to move to the left. Lene- Severe constriction of the heart by a moderately calcified pericardium was noted at operation. Prompt disappearance of ascites and a satisfactory clinical result followed pericardectomy.
gre and associates 22 consider a progressive postoperative deviation of the AQRS to the right, to a certain degree, as an indication for reoperation of patients who have already undergone pericardectomy. In our series slight or pronounced diminution of QRS right axis deviation, was noted postoperatively in 14 out of 18 patients, of whom 13 had an excellent clinical result and one, moderate. From the remaining four patients three had a postoperative QRS axis deviation more to the right and had an excellent clinical result confirmed in one case by recatheterization. One had the QRS axis unchanged and a clinical improvement without restoration of intracardiac pressures to normal.
Low QRS voltage in CCP is more pronounced in the peripheral than in the precordial leads and this has been found in our cases. Its diagnostic importance has been well documented. 4618 However, absence of low QRS voltage or even increase of it, does not exclude the diagnosis of CCP nor does even the presence of severe constriction as it was observed in two of our patients (Fig 4) . The coexistence of severe, coronary type T wave changes in similar cases renders the diagnosis more difficult (Fig 1) .
White 23 has pointed out the importance of the low QRS voltage as an unfavorable prognostic sign. In all of our patients with low QRS voltage in the standard leads, an excellent clinical result was obtained and in three who were recatheterized, intracardiac pressures were restored to normal.
Postoperatively, the QRS voltage increased from 1 to 3 mm in the standard leads of our six patients with low QRS voltage before the operation and this is in accordance with the observation of others. 45 ' 915 As has been proposed the increase of QRS voltage AVGOUSTAKIS ET AL CHEST, VOL. 57, NO. 5, MAY 1970 is more remarkable and impressive if the mean value of the voltage of the 12 conventional leads is taken into account. On this basis the voltage of our 18 patients increased from 8 mm to 11.2 mm while the corresponding voltage of the standard leads increased from 5.8 mm to 7.2 mm. Furthermore, in our opinion, estimation of the voltage of the total number of leads seems to be a better index for the evaluation of QRS voltage increment postoperatively (Table 3) .
Incomplete right bundle branch block has been considered by some authors 5 as a common disturbance of intraventricular conduction in CCP. It was observed in three of our cases and did not change after the operation. Likewise, right bundle branch block does not seem to have any prognostic or diagnostic importance.
A consensus exists regarding the T wave changes in CCP 0 and this has been experienced with our patients, most of whom had negative and some flattened T waves. T wave abnormalities are attributed to various changes of the subpericardial myocardium, 17 to atrophy 24 or fibrosis of the myocardium, 13 cardiac constriction 1725 as well as intramyocardial calcific penetrations 17 and probably diminution of the coronary blood flow. 2 In our cases the more pronounced T wave changes were usually found in cases of severe pericardial calcification with penetrations into the underlying myocardium which was moderately fibrotic. T wave changes, although nonspecific, contribute significantly to the diagnosis of CCP. However, the presence of deep negative T wave deflections of the coronary type as was noted in three of our cases, might create diagnostic difficulties as was mentioned previously.
Insignificant improvement of the T wave changes occurred postoperatively in one patient and aggravation of its negativity in another. Of the remaining 16, two showed improvement and 14 a complete reversion to normal.
According to our experience, the presence of deeply inverted T waves prior to surgery does not necessarily imply a poor prognosis, since six patients with such findings obtained an excellent clinical result and five of them on recatheterization had hemodynamic restoration to normal.
In conclusion, 14 patients with reversion of Twaves to normal had an excellent clinical result and all nine recatheterized had a restoration of intracardiac pressures to normal. A good clinical and even hemodynamic result, however, is not incompatible with persistence of T-wave changes as has been already noted by others. 481720 ' 2230 Regarding the postoperative T-wave reversion to normal as well as the electrocardiographic changes in general, our results have been better and in contrast to the ones published in the literature. 4102223 This is due, in our opinion, to the radical excision of the thickened pericardium with the consequent thorough liberation of the heart 20 whereas in the majority of published cases pericardectomy was performed by a left thoracotomy which allows only partial decortication of the heart.
Although partial pericardectomy very often achieves a good clinical result despite the postoperative persistence of electrocardiographic abnormalities in a considerable number of patients as well as of the hemodynamic findings, 12 radical pericardectomy was followed in the majority of our patients by an excellent clinical, electrocardiographic and hemodynamic result. It is probable that the pathologic changes might regress as well, since according to Portal and associates 8 ' 27 "they are infrequently permanent even in the presence of a longlasting constriction."
In favor of the aforementioned view are the findings of Fitzpatrick and co-workers 28 who also obtained an electrocardiographic restoration to normal in five out of their 11 patients following "complete pericardial decortication" and a normal hemodynamic pattern in seven of their eight recatheterized patients.
Right ventricular diastolic pressure was also restored to normal, according to Malm, 29 in five patients following "very extensive removal of pericardium" whereas Kloster and associates 3 reported abnormal hemodynamic results in patients with "incomplete pericardectomy over the ventricles."
